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Dear Sir: 

Before examining the present application, please amend as follows: 


IN THE SPECIFICATION : 
Please delete page 8. 

Please insert the following section title before the first paragraph on the first page: 
-FIELD OF THE INVENTION— 

Please insert the following section title before the second paragraph on the first 

page: 

--DESCRIPTION OF THE RELATED ART- 

Please insert the following section title before the third paragraph on the fourth 

page: 

-SUMMARY OF THE INVENTION— 
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Please insert the following section title before the second complete paragraph on 
page five, that is, before the paragraph beginning, "Further benefits and features * * *": 
-BRIEF DESCRIPTION OF THE DRAWINGS— 

Please insert the following section title before the third paragraph on page six, that 
is, before the paragraph beginning, "The ball cage shown in Fig. 1 * * *": 
-DETAILED DESCRIPTION- 

IN THE CLAIMS: 

Please amend the following claims in "clean" format: 

1. (Amended) Ball cage for homokinetic joints, formed from a blank that is 
configured as a substantially annular spherical segment, the ball cage comprising: 

window-type ball pockets located along an equator with substantially equator- 
parallel bearing surfaces that interact with joint balls, with substantially annular functional 
zones that are designed at least on outer ring edge areas and that interact with a joint bell, 
and with substantially annular functional areas that are designed on inner ring areas and 
interact with the joint spider, wherein on the blank at least some of the functional zones are 
elevated compared to the neighboring areas of the ball cage. 

2. (Amended) Ball cage pursuant to claim 1, wherein the blank is hardened before 
finishing the functional zones. 

3. (Amended) Ball cage pursuant to claim 2, wherein on the hardened blank only 
the elevated functional zones are processed through hard-turning. 

4. (Amended) Ball cage pursuant to claim 1, wherein the blank contains turned, 
preferable hard-turned reference surfaces. 

5. (Amended) Ball cage pursuant to claim 1, wherein the functional zones, which 
have been hard-turned, are elevated compared to adjacent surfaces after a finishing process 
or are at the most on a same level. 

6. (Amended) Ball cage pursuant to claim 1, wherein the blank is formed in a 
rolling process. 

7. (Amended) Ball cage pursuant to claim 1, wherein window-type ball pockets are 
stamped. 
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8. (Amended) Ball cage pursuant to claim 7, wherein the window-type ball pockets 
have such dimensions that the surfaces, on which the equator-parallel functional zones are 
designed, are longer than these and protrude on both sides beyond the functional zone. 

9. (Amended) Ball cage for homokinetic joints, formed from a blank that is 
configured as a substantially annular spherical segment, the ball cage comprising: 

window-type ball pockets located along the equator with substantially equator- 
parallel bearing surfaces that interact with the joint balls, with several substantially annular 
functional zones that are designed on outer ring edge areas and that interact with a joint 
bell, and with several substantially annular functional areas that are designed on inner ring 
areas and interact with the joint spider, wherein on a finished component at least some of 
the functional zones are elevated compared to adjacent surfaces or have at least a same 
level. 

10. (Amended) Ball cage pursuant to claim 9, wherein the cage has functional zones 
that have an elevated design on fin areas, which separate the ball pockets, and has 
functional zones that have been hard-turned. 

IN THE ABSTRACT: 

Please add the following abstract on the page following the claims: 

"ABSTRACT 

Ball cage for homokinetic joints, formed from a blank that is configured as a 
substantially annular spherical segment, the ball cage includes: window-type ball pockets 
located along an equator with substantially equator-parallel bearing surfaces that interact 
with joint balls, with substantially annular functional zones that are designed at least on 
outer ring edge areas and that interact with a joint bell, and with substantially annular 
functional areas that are designed on inner ring areas and interact with the joint spider, 
wherein on the blank at least some of the functional zones are elevated compared to the 
neighboring areas of the ball cage." 
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REMARKS 


Applicants request entry of the present amendments that conform the claims to U.S. 
practice. No new matter is being introduced by this Amendment as antecedent support is 
set forth in the original specification and in the original claims. Attached hereto is a 
marked-up version of the changes made. The attached page is captioned "Version with 
Markings to Show Changes Made." 

Prosecution on the merits is respectfully requested. 

The Examiner is invited to contact Applicant's Attorneys at the below-listed 
telephone number regarding this Preliminary Amendment or otherwise regarding the 
present application. 

If there are any charges with respect to this Amendment or otherwise, please charge 
them to Deposit Account No. 06-1130 maintained by Applicants' attorneys. 


Respectfully submitted, 


FRANZ- JOSEF ADAMS, ET AL. 


CANTOR COLBURN LLP 
Applicants' Attorneys 



Lisa A. Bongiovi 7 
Registration No. 48,9 
Customer No. 23413 


Date: 

Address: 

Telephone: 


March 12, 2002 

55 Griffin Road South, Bloomfield, CT 06002 
860-286-2929 
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MARKED UP VERSION TO SHOW CHANGES MADE 

IN THE CLAIMS: 

A marked-up version of the Claims is as follows: 

1. (Marked up/ Amended) Ball cage for homokinetic joints, formed from a blank 
that is configured as a substantially annular spherical segment, the ball cag e comprising: 

window-type ball pockets located along the-an equator with substantially equator- 
parallel bearing surfaces that interact with the-joint balls, with substantially annular 
functional zones that are designed at least on the-outer ring edge areas and that interact with 
a joint bell, and with substantially annular functional areas that are designed on the-inner 
ring areas and interact with the joint spider, 

characterized by tho fact 

that- wherein on the blank at least some of the functional zones are elevated 

compared to the neighboring areas of the ball cage. 

2. (Marked up/ Amended) Ball cage pursuant to claim 1, characterized by the fact 
that -wherein the blank is hardened before finishing the functional zones. 

3. (Marked up/ Amended) Ball cage pursuant to one of th o pr e vious claims claim 2 , 
characteriz e d by the fact that wherein on the hardened blank only the elevated functional 
zones are processed through hard-turning. 

4. (Marked up/Amended) Ball cage pursuant to one of th o previous claims claim 1 , 
characterized by the fact that wherein the blank -it contains turned, preferable hard-turned 
reference surfaces. 

5. (Marked up/ Amended) Ball cage pursuant to one of the previous claims claim 1 , 
characterized by th e fact that wherein the functional zones, which have been hard-turned, 
are elevated compared to adjacent surfaces after the-a_finishing process or are at the most 
on the-a_same level. 

6. (Marked up/Amended) Ball cage pursuant to one of the previous claims claim 1 , 
characterized by th e fact that wherein the blank is formed in a rolling process. 

7. (Marked up/ Amended) Ball cage pursuant to one of the pr e vious claims claim 1 , 
characterized by the fact that wherein t h e recess es- window-type ball pockets are stamped. 
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8. (Marked up/ Amended) Ball cage pursuant to one of the previous claims claim 7 , 
characterized by the fact that wherein the window- type recesses hall pockets have such 
dimensions that the surfaces, on which the equator-parallel functional zones are designed, 
are longer than these and protrude on both sides beyond the functional zone. 

9. (Marked up/ Amended) Ball cage for homokinetic joints, formed from a blank 
that is configured as a substantially annular spherical segment, the ball cage comprising: 

with-window-type ball pockets located along the equator with substantially equator- 
parallel bearing surfaces that interact with the joint balls, with several substantially annular 
functional zones that are designed on the-outer ring edge areas and that interact with a joint 
bell, and with several substantially annular functional areas that are designed on the-inner 
ring areas and interact with the joint spider, characterized by the fact that wherein on tfee-a 
finished component at least some of the functional zones are elevated compared to the 
adjacent surfaces or have at least tfee-a_same level. 

10. (Marked up/ Am ended) Ball cage pursuant to one of the claims 1 through 9, 
characterized by the fact that wherein thisthe cage has functional zones that have an 
elevated design on the-fm areas, which separate the ball pockets, and has functional zones 
that have been hard-turned. 
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Ball Cage 


The present invention relates to a ball cage for homokinetic joints, formed from a blank that is 
configured as a substantially annular spherical segment, with window-type ball pockets located 
along the equator with substantially equator-parallel bearing surfaces that interact with the joint 
balls, with substantially annular functional zones that are located on the outer ring edges and 
interact with the joint bell, and with substantially annular functional surfaces that are located on the 
inner ring edges and interact with the joint spider. 

Ball cages form together with the so-called joint bell - also called axle journal -, the ball hub - also 
called the joint spider - as well as the balls the essential elements of a fixed joint. The elements ball 
cage axle journal and ball cage ball hub are paired with clearance fit, wherein the remaining 
finished part tolerances are within the range of just a few micrometers for functional reasons. Ball 
cages of the conventional design are characterized by a continuous shape of those surfaces of the 
component that are in contact with the axle journal to the outside and with the ball hub to the inside. 
Both the exterior contour as well as the interior contour, respectively, of the annular spherical 
segments are shaped as a radius, which extends from the one lateral periphery via the fin area to the 
opposite other periphery. 
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In motor vehicles with front-wheel drive, the steered wheels are driven. Therefore front wheel axle 
shafts must have joints, which permit both the compression and rebound of the wheels as well as 
their steering angle. In order to enable as uniform a drive of the wheels as possible, homokinetic 
joints are used. For joints on the front axle shaft, but also on the rear axles, among other things 
fixed homokinetic joints are designed as the joints, while for joints on the rear axle shaft shifting 
homokinetic joints are used, which apart from a flexion of the joint also permit axial displacement. 

On the fixed homokinetic joint, ball cup and ball spider have arched paths on which the balls travel. 
On the shifting homokinetic joint, the travel paths on the ball cup and ball spider are plane. Such 
ball cages have an annular design and annual spherical segment shapes. The material of these 
spherically designed rings is several millimeters strong. The window-type ball pockets along the 
equator have functional zones, which interact with the joint balls, in the substantially equator- 
parallel edges. On the upper and lower outer ring areas, peripheral annular functional zones are 
formed, which serve the purpose of interaction between the ball cage and a joint bell. In the interior 
area, annular surfaces are designed above and beneath the window-type recesses as functional 
zones, which serve the purpose of interaction between the ball cage and the joint spider. The 
homokinetic joint should practically have no play so that the interacting areas of ball cage, joint bell 
and joint spider are subject to very tight tolerance settings. 

In homokinetic joints that we know from practice, which consist of ball spider, ball cage and ball 
cup, the ball cages, which are equipped with annular interior and exterior bearing surfaces and ball 
pockets for seating the torque-transmitting balls, are produced in a variety of operations on various 
machines. Starting from a hollow tube, which has roughly the same outer diameter as the ball cage 
that is supposed to be manufactured, initially a 
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section of the tube is separated from the starting tube in familiar production methods for the ball 
cage's blanks, with this section's width roughly corresponding to the width of the ball cage that is 
supposed to be manufactured. Subsequently, the annular inner and outer bearing surfaces are 
formed in a forging process, then turned and the ball pockets are stamped out of the annular bearing 
surfaces on another machine before these blanks reach the finishing process after hardening. 

The disadvantage with these familiar manufacturing processes is on one hand the fact that the 
production of each ball cage comprises several operations that have to be performed on different 
machines and on the other hand the fact that in forging and stamping of the ball pockets structural 
disturbances and tensions are created in the material of the ball cage. Due to this multitude of 
operations on different machines, the production of these ball cages is time-intensive and expensive. 
We also know that a blank is hardened and machined to the tolerance dimension on all surfaces 
through appropriate processes, usually hard-turning. This creates very exact and smooth functional 
surfaces. Since fixed joints are generally designed so as to be able to transmit great forces also 
under flexion with an appropriate service life, the materials that are used are exclusively hardened 
steels. In order to be able to adhere to the tight manufacturing tolerances, finishing generally occurs 
on the hardened component. This occurs conventionally through a machining process with a 
geometrically undefined cutter, e.g. hard-turning or hard-milling. 

A problem in the hard-finishing of ball cages that has not been resolved so far consists of the fact 
that due to the windows that are inserted on the circumference an interrupted cut is created in the 
area of the fins, while the tool operates in a continuous cut in the areas lateral to the fins. The stress 
due to the interrupted cut on one hand and the change in the stress type from continuous to 
interrupted on the other hand has an unfavorable effect on the tool life. 

For the processing of the hardened steel, special machining elements must be used, which are 
generally of very high quality and cost-intensive. 
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Due to the interrupted cut, only comparatively low cutting speeds can be set since otherwise the 
cutters are exposed to increased wear all the way to breakage of the cutter. It has also been proven 
that the firmness of the ball cage that is supposed to be finished is subject to the notch effect and has 
a limited stability due to the surface machining process, which causes an uncontrolled interruption 
in the surface structure of the forging, i.e. a disturbance of the so-called fiber orientation. 

Overall the manufacturing of ball cages of the described kind is very complex, scrap rates and tool 
requirements are relatively high and the finished ball cages are still very expensive despite intensive 
mass production. 

Starting from the above-described state of the art, the present invention is based on the task of 
further developing a ball cage of the described kind in such a way that it can be manufactured with 
shorter machining times in a more economical and simple way. 

For resolving this task from a technical point of view, the invention suggests to have at least 
some of the functional zones of the blank raised compared to the adjacent surfaces of the ball cage. 

Due to the invented design of the blank's functional areas, which are elevated compared to the 
neighboring areas, there is now the possibility to limit finishing, preferably through hard-turning, to 
the functional areas or some functional areas. Consequently only a few areas are machined, the 
interrupted cut due to further processing of the fins remaining between the window-type recesses is 
eliminated and the elevation of the functional areas can be designed in such a way that the 
functional areas are still raised compared to the neighboring surfaces after the finishing process or at 
most are at the same level. 

The ball cage is preferably rolled during manufacturing, i.e. shaped through rolling from one tubular 
piece. The window-type ball pockets are stamped pursuant to a beneficial 
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suggestion of the invention, wherein the ball bearing surfaces, i.e. the equator-parallel surfaces, can 
be produced with an allowance. The particular advantage results during the turning of these 
surfaces since the path of the cutter tooth has a better course under better cutting conditions. This is 
especially true when only the bearing surface itself has an allowance, the ball pocket itself however 
is considerably longer so that on both sides free space that does not have to be finished remains. 
Through the rolling process, no notch forces are exercised on the blank, which results in a 
homogenous fiber orientation of the material so that overall greater stability is achieved, which 
leads to a longer life. 

Overall, the allowance on the hardened functional areas, which are supposed to be machined 
through a turning process, considerably reduces the machining time since the turning speeds of the 
work piece can be increased drastically, e.g. doubled. Due to the fact that an interrupted cut is 
largely avoidable, the machining time can be shortened through higher speeds, and possible 
problems for the machining tools are cut to a minimum. 

Further benefits and features of the invention result from the following description based on the 
figures. They show: 

Fig. 1 a semi-cut side view of an embodiment of a ball cage; 

Fig. 2 a semi-cut side view of an alternative embodiment of a ball cage; 

Fig. 3 a semi-cut side view of an alternative embodiment of a ball cage; 


Fig. 4 


a semi-cut side view of an alternative embodiment of a ball cage; 
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Fig. 5 


a semi-cut side view of an alternative embodiment of a ball cage; 


Fig. 6 


a semi-cut side view of an alternative embodiment of a ball cage. 


The ball cage 1 shown in Fig. 1 consists of an annular spherical segment 2. Along the equator, 
shown by the center line 3, ball pockets 4 are designed, which contain ball bearing surfaces 5. The 
ball bearing surfaces 5 only take up a portion of the substantially equator-parallel edge 6 of the ball 
pocket so that free space is created on both sides. Annular functional zones 7 for the process with 
the joint spider and 9 for the interaction with the joint bell are incorporated in the ring interior or 
ring exterior. As the figure shows, all functional zones have an allowance, i.e. the areas 7 and 9. 
Also the ball bearing surfaces 5 have an allowance. Upon production of the blank through a rolling 
process and the incorporation of the ball pockets, for example through a stamping process, the blank 
is hardened. Subsequently, the functional zones that have an allowance are processed in a turning 
process and brought to the finished dimension. Only the surfaces 5, 7 and 9 must be processed. 
The reference or working surfaces such as the annular area 8 or a plane reference edge 10 are 
manufactured accordingly during the turning process. 

This shows that on the entire area 1 1 no processing at all has to take place, thus avoiding any 
interrupted cuts. By incorporating the allowance, the functional zones can be processed pursuant to 
the tolerance requirements and are even after completion either still elevated compared to the 
remaining surfaces or at the most on the same level. 

The invented design of the blank, according to which the entire area 1 1 can remain unprocessed 
since no functional surfaces must be incorporated there, causes a considerable reduction in 
machining time and a simplification of the manufacturing process. 
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Fig. 2 shows a ball cage like in Fig. 1 , except that in the fin area 1 1 additionally at least one support 
surface outside 13 and at least one support surface inside 12 are provided, which also have to be 
processed. 

Fig. 3 shows a ball cage like in Fig. 1, except that only the outer annular functional areas 9 are 
elevated, while the inner functional area 7 is not elevated. 

Fig. 4 shows a ball cage like in Fig. 3, except that in the fin area 1 1 additionally at least one support 
surface outside 13 is provided, which also has to be processed. 

Fig. 5 shows a ball cage like in Fig. 1, except that only the inner annular functional areas 7 are 
elevated, while the outer functional area 9 is not elevated. 

Fig. 6 shows a ball cage like in Fig. 5, except that in the fin area 1 1 additionally at least one support 
surface inside 12 is provided, which also has to be processed. 

The described embodiment serves the purpose of explanation and does not have a limiting effect. 
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Reference List 


1 

ball cage 

2 

annular spherical segment 

3 

equator 

4 

ball pocket 

5 

bearing surface 

6 

equator-parallel edge 

7 

annular functional zone 

T 

annular functional zone 

8 

reference/working surface 

9 

annular functional zone 

9' 

annular functional zone 

10 

reference/working surface 

11 

unfinished area 

12 

support area inside 

13 

support area outside 
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P atent Claims 

1 . Ball cage for homokinetic joints, formed from a blank that is configured as a substantially 
annular spherical segment, with window-type ball pockets located along the equator with 
substantially equator-parallel bearing surfaces that interact with the joint balls, with 
substantially annular functional zones that are designed at least on the outer ring edge areas 
and that interact with a joint bell, and with substantially annular functional areas that are 
designed on the inner ring areas and interact with the joint spider, 

characterized by the fact 

that on the blank at least some of the functional zones are elevated compared to the 
neighboring areas of the ball cage. 

2. Ball cage pursuant to claim 1, characterized by the fact that the blank is hardened before 
finishing the functional zones. 

3. Ball cage pursuant to one of the previous claims, characterized by the fact that on the 
hardened blank only the elevated functional zones are processed through hard- turning. 

4. Ball cage pursuant to one of the previous claims, characterized by the fact that it contains 
turned, preferable hard-turned reference surfaces. 

5. Ball cage pursuant to one of the previous claims, characterized by the fact that the functional 
zones, which have been hard-turned, are elevated compared to adjacent surfaces after the 
finishing process or are at the most on the same level. 

6. Ball cage pursuant to one of the previous claims, characterized by the fact that the blank is 
formed in a rolling process. 
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7. Ball cage pursuant to one of the previous claims, characterized by the fact that the recesses are 
stamped. 

8. Ball cage pursuant to one of the previous claims, characterized by the fact that the window- 

type recesses have such dimensions that the surfaces, on which the equator-parallel functional 
zones are designed, are longer than these and protrude on both sides beyond the functional 
zone. 

9. Ball cage for homokinetic joints, formed from a blank that is configured as a substantially 
annular spherical segment, with window-type ball pockets located along the equator with 
substantially equator-parallel bearing surfaces that interact with the joint balls, with several 
substantially annular functional zones that are designed on the outer ring edge areas and that 
interact with a joint bell, and with several substantially annular functional areas that are 
designed on the inner ring areas and interact with the joint spider, characterized by the fact 
that on the finished component at least some of the functional zones are elevated compared to 
the adjacent surfaces or have at least the same level. 


Ball cage pursuant to one of the claims 1 through 9, characterized by the fact that this cage has 
functional zones that have an elevated design on the fin areas, which separate the ball pockets, 
and has functional zones that have been hard-turned. 
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(57) Abstract: The invention relates to a ball cage for homoki- 
netic joints. The aim of the invention is to produce such ball 
cages in shorter processing times using a more economic and 
simpler method. To this end, the ball cage that consists of 
a blank (1) is configured as a substantially annular spherical 
segment (2) with window-type ball pockets (4) located along 
the equator with substantially equator-parallel bearing surfaces 

(5) that interact with the bearing balls. Substantially annular 
functional zones (9) are located on the outer ring edges (6) and 
interact with a joint bell and with substantially annular func- 
tional zones (7) that are located on the inner ring zones and 
that interact with the joint spider. The inventive ball cage is 
especially characterized in that at least some of the functional 
zones of the blank are raised vis-a-vis the adjoining surfaces 
of the ball cage. 

(57) Zusammenfassung: Um einen Kugelkafig fiir 
Gleichlaufgelenke, gebildet aus einem Rohling (1) in Form 
eines im wesentlichen ringformigen Kugelsegmentes (2), 
mit entlang des Aquators angeordneten fensterartigen 
Kugeltaschen (4) mit im wesentlichen aquatorparallel 
ausgebildeten Anlageflachen (5) fur das Zusammenwirken 
mit Gelenkkugeln, mit an den ausseren Ringkantenbereichen 

(6) ausgebildeten, im wesentlichen ringfomiig verlaufenden 
Funktionsflachen (9) fur das Zusammenwirken mit 
einer Gelenkglocke und mit an inneren Ringbereichen 
ausgebildeten, im wesentlichen ringformig verlaufenden 
Funktionsflachen (7) fur das Zusammenwirken mit einem 
Gelenkstern, dahingehend weiterzubilden, dass dieser in 
kiirzeren Bearbeitungszeiten wirtschaftlicher und einfacher 
herstellbar ist, wird mit der Erfindung vorgeschlagen, dass 
bei dem Rohling wenigstens einige der Funktionsflachen 
gegenuber benachbarten Flachen des Kugelkafigs erhaben 
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